Background: Ankylosing spondylitis (AS) is a chronic inflammatory disease characterized by axial arthritis. The genetic-environmental factors seem to be involved in the pathogenesis of the disease and the disease debilitates patients during the most productive stages of their lives. The aim of this study was to examine the relationships between two environmental factors, diet and air pollution with disease activity and functional impairment in AS. Methods: A case-control study was carried out. Thirty patients with AS and 30 age and sex-matched healthy controls were included. Disease scores including BASMI, BASDAI, BASFI, and BASG were calculated by means of the international Ankylosing Spondylitis Assessment working group consensus recommendations. The food intake was evaluated by semiquantitative food frequency questionnaire (147 items FFQ). Level of air pollution indices, PM10 and PM2.5 information was obtained from the Tehran air quality control network. Results: Total energy and fat intake, some vitamins (A, B1, B2, C) and mineral intake (potassium, calcium, iron, phosphorus, magnesium, zinc, copper and selenium) were significantly higher in patients with AS compared to controls. Fat component consumption especially Saturated Fat of Food was moderately correlated with BASFI score. PM2.5 long term exposure was strongly correlated with BASMI, BASFI and BASDAI scores of patients. Conclusion: High-fat diet and long term exposure to air pollution are associated with worse disease outcomes reported in patients with AS. This is an interesting area of investigation in AS pathogenesis and management.
Introduction
Ankylosing spondylitis (AS) is a chronic progressive inflammatory disease among adults and is classified as an immune-mediated inflammatory rheumatic disease grouped under the term spondyloarthritis. It mainly Involves the axial skeleton including back, neck, or the sacroiliac joints [1, 2] . AS is often associated with physical impairments due to decreased spinal mobility and can lead to early mortality.
The Globally mean prevalence of AS per 10,000 is reported to be 16.7 in Asia, 10.2 in Latin America, 31.9 in North America, 23.8 in Europe, and 7.4 in Africa [3] .
Disease activity in AS patients differs extensively, i.e., some patients have only minimal symptoms whilst others suffer from an aggressive and widespread disease which can rapidly lead to severe disability. It has been suggested that this heterogeneity can be explained by genetic factors as well as environmental factors [4] [5] [6] . Air pollution and nutrition are amongst the two crucial environmental issues that can affect this disease.
Recently, the World Health Organization (WHO) cited exposure to outdoor urban air pollution (14th) among the top 15 risk factors for the Global Burden of Disease (WHO 2009) [7] ; There is a growing interest on the role of air pollution, especially particulate matter (PM), on inflammation and diseases. Sources of PM are mostly from human activities and include industrial emissions and road vehicles. Particles come in a wide range of sizes. Particles less than or equal to 10 μm in diameter (PM 10) are so small that they can get into the lungs, potentially causing serious health problems. Especially when fine PM with a median diameter < 2.5 μm (PM 2.5) enter the body through airways, it can trigger a systemic inflammatory response [8, 9] .
Nutritional habits and food intakes can also be involved in both promoting and combating inflammatory processes. Some evidence shows correlations between nutrients and induction of chronic inflammatory diseases. Excessive energy intake stimulates adipose cell growth and proliferation, hence promotes abdominal obesity, increasing the risk of diabetes, metabolic syndrome and other chronic diseases [10, 11] .We conducted the present study to evaluate relations between these two environmental risk factors, urban air pollution exposures and food intakes with disease activity of AS patients.
Methods

Patients and controls
Thirty patients with AS, diagnosed based on modified New York criteria [12] , and 30 healthy age-and sex-matched controls were included. Patients with AS were recruited from the Iranian Ankylosing Spondylitis Association and healthy controls were employees of Tehran University of Medical Sciences. A questionnaire on disease information, medications, and demographic data was completed. [13, 14] . BASDAI and BASFI are recommended by the international Ankylosing Spondylitis Assessment working group consensus [15] , in the clinical evaluation of patients with AS and have been shown to be specific to the disease and sensitive to change [16] . We examined possible confounders by age and race, and to control for smoking, we calculated pack-years for the whole life of each participant (number of packs/day multiplied by number of years of cigarette smoking) and current smoking status (current/former/ never). The patients which had used biological drugs like TNF blockers were excluded because it as a confounding factor could mask clinical score of disease.
The study protocol was approved by the ethics board of Tehran University of Medical Sciences and written informed consent was obtained from all participants after explaining the research protocol to them.
Food intake
Food intake was evaluated by semi-quantitative food frequency questionnaire (147 items FFQ). Energy (kcal), carbohydrates (g), lipids (g), proteins (g), cholesterol mg/ dl, fiber (g) and micronutrients were measured through the software N4. All anthropometric and food intake assessments were conducted by one expert in order to minimize the possible errors.
Measures of ambient PM2.5 and PM10 levels
Hourly measurements at fixed-site monitoring stations in Tehran were obtained from the Tehran air quality control network ( http://air.tehran.ir/ ). We assigned a concentration from the operational monitor closest to the area of residence of each participant within 10 km each day. Hourly PM2.5 and PM10 concentrations were recorded across all Tehran stations; these mean hourly levels, averaged for the day of all subjects' clinical evaluations, the previous week, the previous month and the previous 3 months. In the case of an incomplete series, each missing value was imputed by using an algorithm that integrates the annual average of the incomplete series and the PM concentrations of the nearest and more correlated monitors.
Statistical analysis
All analyses were performed by SPSS 20.0 software. All variables were examined by 1-sample Kolmogorov-Smirnov test to test their normal distribution. Parametric variables were described by mean ± SD and nonparametric variables by median (range). Independent-sample t-test was used to compare means between parametric variables and the Mann-Whitney U test used to determine relationships between smoking with BASDAI and BASFI scores. Correlation analysis was performed using the Pearson and Spearman correlation coefficient for parametric and non-parametric variables, respectively. A value of p < 0.05 was considered statistically significant.
Results
Patients and controls
Thirty patients with AS (24 men, 6 women) with a mean age of 35 ± 10 years and 30 age-matched and sex-matched healthy controls with a mean age of 33 ± 8 years were included in the study. 13 (43%) patients and 9 (30%) healthy controls were smokers and in the patient's group, there were no significant differences between smokers and nonsmokers regarding BASMI, BASFI and BASDAI score. The mean body mass index (BMI) was 21.73 (± 3.14) kg/ m 2 and 21.61 (± 3.23) kg/m 2 in the AS group and healthy group, respectively without significant differences (p > 0.05). Mean disease duration was 10 (± 7) years and BMI was weakly correlated to disease duration in patients group (r = 0.36; p = 0.049). Of the patients studied, 22 (73.3%) were using non-steroidal anti-inflammatory drugs (NSAIDs)or disease-modifying anti-rheumatic drugs (DMARDs) or both, none were using corticosteroids or biological DMARDs and 8 (26.7%) patients were not using any drugs. The characteristics of patients are shown in Table 1 .
The mean caloric consumption was 2061.66 (± 751) Kcal in AS group vs. 1652.18(± 551) Kcal in healthy group (p = 0.028) and the mean of total fat intake was 74.58 g/d in AS group and 60.57 g/d in healthy group (p = 0.02). Total energy and fat intake in patients group were significantly higher than the controls and total fat intake was weakly correlated with BASFI score of disease activity (r = 0.37; p = 0.04) in the patient group.
Analysis of the lipid intake quality showed us that the consumption of Saturated fat (SF), mono unsaturated fatty acids (MUFA) and poly unsaturated fatty acids (PUFA) was significantly higher in AS patients compared to healthy controls and the intake of all the three components was moderately correlated with BASFI score and MUFA was also moderately correlated with BASMI score of patients (Table 6) .
Interestingly the diet of studied AS patients contained satisfactory levels of vitamins and minerals as compared with recommended daily allowance [17, 18] . Patients' diets contained significantly more vitamins (A, B1, B2, C) and minerals (potassium, calcium, iron, phosphorus, magnesium, zinc, copper and selenium) compared to the diet of the control group (Tables 2,3,4). Vitamin E intake was moderately correlated to BASMI score in the patient group (Table 6 ).
The distribution of air pollution exposure in time intervals is shown in Table 5 . There was no significant difference between cases and controls air pollution exposure in the time intervals studied.
Mean concentration of PM 2.5 in the previous month before sampling was strongly correlated with BASFI, BASDI and BASMI score with r = 0.63, r = 0.62, and r = 0.66 respectively and p-value was less than 0.05 Table 6 .
Discussion
The main purpose of our study was to find the relationship between environmental factors like diet and air pollution exposure with disease activity in a group of Iranian AS patients. There was a mild correlation between diet and disease activity, as assessed by BASFI and BASMI. This wasreflected by the results of the FFQ and nutritional calculations. Among all the essential components that were measured like proteins, the amount of carbohydrates, energy intake and fat intake in the patient group was significantly higher than the control group. In statistical analysis, only total fat intake, saturated fatty acids (SFA), mono unsaturated fatty acids (MUFA) and poly unsaturated fatty acids (PUFA) consumption was correlated with patient indices of disease, namely BASMI and BASFI. Lipid components can directly or indirectly modify immune responses [19, 20] , some toward pro-inflammatory and others immunosuppressive effects. Studies have shown that saturated fatty acids (SFA) play a key role in the inflammatory process by stimulating macrophage induction and the secretion of the pro-inflammatory cytokines TNF-alpha, IL-6, and IL-8 [21, 22] . Moreover, SFA intake can trigger IL-1β secretion and also is known to cause lipemia that is more noticeable than the lipemia due to mono unsaturated fatty acids (MUFA) and PUFA and can lead to a higher pro-inflammatory state [23] .
However, monounsaturated fatty acid (MUFA) and polyunsaturated fatty acid (PUFA) consumption exhibit an anti-inflammatory profile and a less pronounced pro-inflammatory response particularly in comparison with SFAs, dietary polyunsaturated fatty acids (PUFA) like linoleic acid (LA; 18:2n6) can convert into arachidonic acid (AA; 20:4n6) by a series of enzymatic reactions which is a source of more proinflammatory eicosanoids, such as prostaglandin E2 (PGE2). Recently, SUNDSTRÖM et al. have shown the correlation between plasma phospholipid levels of AA and the BAS-DAI score in AS patients which can explain the results of our study more [24] . In concordance, we observed that higher consumptions of SFA were more strongly correlated with BASFI score than MUFA and PUFA. Recently, serum free fatty acids have been shown as a biomarker of AS and some evidence of fat metaplasia in the pathogenesis of this disease has been revealed [25, 26] . Moreover, diet strongly influences the composition of the gut microbiota in this regards diet rich in fat and carbohydrates might impact the gut microbiota of AS patients thus subclinical gut inflammation in AS might restrict the absorption and despite high energy intake in AS, BMI is not higher than controls [27, 28] .
Regarding FFQ results, most of vitamins and minerals that we measured had elevated intake levels in AS patients compared to control group, although we did not measure them in blood, this satisfactory level of vitamins and mineral consumption might be due to the willingness of the patients to improve their diseases. There is some evidence that AS patients have less vitamin A level in serum, despite higher intakes there might be some genetic polymorphisms or other reasons for poor absorption [29] . Therefore, it is highly recommended to measure dietary food components in blood to help a firm conclusion.
Our findings have shown that long term exposure (at least 1 month) to fine PM can exacerbate AS manifestations measured by BASDAI, BASFI and BASMI score. Air pollutants, especially particulate matters, can enter the body through the respiratory tract and deal with the immune system. PM10 includes a mixture of soil and road dust along with industrial emissions that makes coarse particles suspensions that is not small enough to penetrate to blood circulation and usually face with first responders immune cell types like dendritic cells and alveolar macrophages and could make local respiratory inflammations [30] . Whereas PM2.5 are mainly derived from combustion processes of diesel fuel, gasoline, and industrial processes and due to their tiny size they can pass the respiratory barriers and spread to the whole body through the bloodstream, therefore, are more associated with triggering systemic inflammations [31, 32] . Also the sustainability of pollutants and prolonged exposure to them could result in a chronic inflammation which provides a proper opportunity for unbalancing the T cell subsets toward Th1 and Th17 in a macrophage dependent fashion that can produce more elevated level of FN-γ, IL-10, IL-17 and IL-21 cytokines [33] . These activated T cells have shown to exacerbate the autoimmune disease conditions particularly in the AS [34] . However, many previous studies have shown that chronic inflammation plays 
Conclusion
We found a higher consumption of total energy and fat, higher intake of some vitamins (A, B1, B2, C) and minerals (potassium calcium iron phosphorus magnesium zinc copper and selenium) in AS patients compared to controls. This can be due to the fact that patients are more aware of the effect of nutrition and they try to have a better diet. Fat component intake, especially Saturated Fat of Food was moderately correlated with BASFI score. This might be a field for further research and intervention in patients. Although air pollution exposure were not different among patients and controls, PM2.5 long term exposure was strongly correlated with BASMI, BASFI and BASDAI score of disease in the patient group. Living in areas with lower air pollution might be a solution for AS patients. 
